1-Materials
All reagents used were of high quality. Ferrocenemethanol, glacial acetic acid, copper (I) iodide, aqueous 54-56% tetrabutylammonium hydroxide, tetrabutylammonium hexafluorophosphate 98% and N,N-diisopropylethylamine (DI-PEA) were obtained from Sigma-Aldrich. Sodium azide and p-chloranil were obtained from Panreac.
All solvents were of HPLC grade. Toluene and THF were dried using sodium and benzophenone as indicator before use; acetonitrile and dichloromethane were dried using CaH 2 before use. The purification of the synthesised compounds was carried out using Carlo Erba silica gel (60, particle size 35-70).
2-Apparatus
2.1-Electrochemical measurements.
2.1.1-Silicon Surface
Cyclic voltammetry measurements were performed with an Autolab electrochemical analyzer (PGSTAT 30 potentiostat/galvanostat from Eco Chemie B.V.) equipped with the GPES and FRA softwares in a home-made three-electrode glass cell. The working electrode, modified Si(111), was pressed against an opening in the cell side using a Teflon circular piece and a FETFE (Aldrich) O-ring seal. An ohmic contact was made on the previously polished rear side of the sample by applying a drop of In-Ga eutectic (Alfa-Aesar, 99.99%). A steel piece was dropped on the eutectic-coated sample and then the assembly was screwed to the cell using a plastic cap screw. The electrochemically active area of the Si(111) surface (namely 0.3 cm 2 ) was estimated by measuring the charge under the voltammetric peak corresponding to the ferrocene oxidation on Si(111)-H and compared to that obtained with a 1 cm 2 -Pt electrode under the same conditions. The counter electrode was a carbon rod and the system 10 -2 M Ag + | Ag in acetonitrile was used as the reference electrode (+0.33 V versus aqueous Ag/AgCl, KCl 3M). All reported potentials are referred to Ag/AgCl, KCl 3M (uncertainty ± 5 mV (LS0106, LOT Quantum Design) equipped with a AM 1.5G and red (Edmund Optics) filters. For impedance spectroscopy measurements, the amplitude of the alternating current (ac) signal was 10 mV. The differential capacitance C was determined from the imaginary part (Z") of the complex impedance Z′′ (C = -1/2πfZ′′) where f is the frequency. For Mott-Schottky experiments, the cell was in the dark and the potential was swept from positive to negative values at a frequency of 50 kHz (25 mV step potential).
2.1.2-Gold Surface
Cyclic voltammetry, square wave voltammetry and impedance spectroscopy characterizations were performed with an AUTOLAB 204 equipped with NOVA 2.3 software. A Pt mesh was used as the counter electrode, Ag/AgCl 3M KCl was used as reference electrode. Studies in solution were made using a glassy carbon as the working electrode (Area = 0.28 cm 2 ). For the electrochemical characterization of the SAMs, the modified Au TS was used as the working electrode (area exposed of 1 cm 2 ). A 0.1M or 0.2M solution of TBAPF 6 in dry CH 2 Cl 2 was used as the electrolytic medium, under argon atmosphere.
For impedance measurements, the frequency was scanned from 100 kHz to 0.1 Hz with a 20 mV amplitude. Four different potentials were applied: -0.5, 0, 0.3 and 0.7 V vs Ag/AgCl 3M KCl.
2.2-Electron Paramagnetic Resonance (EPR) spectroscopy.
EPR spectra were recorded at room temperature on a Bruker ESP 300 E spectrometer provided with a rectangular cavity T102 that works with an X band (9.5 GHz).
The signal-to-noise ratio of spectra was increased by accumulation of scans using the F/Flock accessory to guarantee large field reproducibility. Precautions to avoid undesirable spectral distortion and line broadenings, such as those arising from microwave power saturation and magnetic field over modulation, were also taken into account to improve sensitivity.
2.3-UV-vis absorption spectroscopy.
UV-Vis spectra were obtained from a Varian Cary 5000 UV-Vis-NIR spectrophotometer. Quartz cuvettes with an optical path of 1 cm were used in all experiments.
2.4-MALDI-ToF mass spectroscopy.
The reported spectra were acquired with a Bruker Ultraflex mass spectrometer by operating at ion pulsed extraction in negative mode at high power. Ditranol was used as a matrix to improve the laser absorption.
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2.5-Nuclear magnetic resonance spectroscopy (NMR).
The 1 H-NMR spectra were acquired with a Bruker Avance DPX (250 MHz ) spectrometer and Bruker Avance-II+ (600MHz) ), 13 C-NMR spectra were obtained from a Bruker Avance-III (400MHz ) spectrometer. The calibration was made using residual nondeuterated chloroform (δ(1H) = 7.26 ppm; δ(13C) = 77.00 ppm) as internal references. The data analysis was carried out with MestReNova software (MestReLab Research S. L.). The following abbreviations were used to designate multiplicities: s = singlet, d = doublet, m = multiplet.
2.6-Infrared spectroscopy (IR).
The spectra were obtained from a FT-IR PerkinElmer spectrometer with a diamond ATR accessory.
2.7-X-ray photoelectron spectroscopy (XPS).

2.7.1-Silicon surface characterization.
XPS measurements were performed with an Mg K alpha (h = 1254.6 eV) X-ray source and an Al source (h= 1486.6 eV) using a VSW HA100 photoelectron spectrometer with a hemispherical photoelectron analyzer, working at an energy pass of 20 eV for survey and resolved spectra. The experimental resolution was 1.0 eV. Unless specified, C1s set at 285.0 eV was used as the energy reference for all the analyses.
2.7.2-Gold surface characterization.
X-ray Photoelectron Spectroscopy (XPS) measurements were performed in an analysis chamber (base pressure 2 x 10 -10 mbar) equipped with a monochromatic Al Kα source (SPECS XR 50 M plus SPECS Focus 500) and a SPECS Phoibos 150 hemispherical electron analyser. The detailed spectra were measured at 20 eV pass energy, the survey spectra at 50 eV pass energy, and their binding energy calibrated to the Au 4f signal at 84 eV. NEXAFS and photon dependent XPS measurements were performed at the third-generation synchrotron radiation source Bessy II (Berlin) at the LowDose PES end-station, at the PM4 beamline, equipped with a Scienta ArTOF-10k spectrometer. The measurements were carried out in multibunch hybrid mode (ring current in top up mode = 250 mA, cff = 1.6, 100-μm exit slit, estimated energy resolution = 340 meV at 640 eV). The NEXAFS spectra, measured in total electron yield, were normalized by using the clean substrate signal and the ring current into account, and then all spectra were scaled to give an equal edge jump. [1] [2] [3] No beam-induced degradation of the samples was observed on the time scale of all discussed experiments.
2.8-Transport measurements through Au TS /SAM//GaOx/EGaIn junc-
tions.
The "EGaIn measurements" were performed using a home-made measurement set-up. The J-V curves were acquired using a Keithley 2004B. The Keithley was controlled using in-house software developed with LabVIEW. During the measurements, the top-electrode GaOx/EGaIn was biased and the bottom electrode was grounded.
Synthesis and characterization of the synthesised compounds.
3.1-Synthesis of azidomethylferrocene.
Scheme S 1. Synthesis of azidomethylferrocene.
Azidomethylferrocene was synthesized using the procedure reported by J.M. Casas-Solvas 4 . Ferrocenemethanol (133.0 mg, 0.6 mmol) and sodium azide (239.7 mg, 0.99 mmol) were mixed in glacial acetic acid (3 mL) and stirred at 50 ºC for 2 h. The resulting mixture was diluted in CH 2 Cl 2 (50 mL) and the organic phase was washed with a saturated solution of NaHCO 3 (3 x 50 mL), dried (Mg 2 SO 4 ), filtered and evaporated under vacuum. After column chromatography (silica gel, EtOAc:Hexane, 1:25) the desired compound was obtained as an orange oil (139 mg, 96%). 
3.2-Synthesis of PTM-Fc alpha H compounds: 3-H and 4-H.
Scheme S2. Synthesis of compounds 3-H and 4-H.
Azidomethylferrocene (12.6 mg, 0.052 mmol) dissolved in 1 mL of dry THF was added to a mixture of diacetylene derivative 2-H (50.4 mg, 0.053mmol) triphenylphosphine (8.1 mg, 0.031 mmol), CuI (6.4 mg, 0.0336 mmol) and N,Ndiisopropylethylamine (DIPEA, 10.61 M; 50 µL, 0.265 mmol) in 1 mL of dry toluene. The mixture was stirred for 3 hours at 80°C under argon atmosphere. The resulting mixture was evaporated and the obtained solid dissolved in 20 mL of toluene. To remove the unreacted CuI, the resulting solution was vigorously washed (3 x 50mL) with a solution of 0.5 M of EDTA and 0.2M of NH 3 (the pH of the solution was adjusted to 9 with NaOH). This rinsing process consisted in stirring the organic phase for 3 hours with the washing aqueous solution. This was repeated three times. Finally, the organic phase was dried (Na 2 SO 4 ), filtered and evaporated under vacuum. After evaporation of the solvent, the crude was purified by column chromatography with silica gel using as eluent CH 2 Cl 2 to get pure αH-PTM-Fc (3-H) and then a gradient with CHCl 3 to have the αH-PTM-Fc2 (4-H).
Both mono-and di-cycloaddition products were obtained as a yellow powder with a yield of 38 % (3-H) and 35% (4-H). 
αH-PTM-Fc (3-H): 1 H NMR
ATR-IR: ν (cm
-1 ) = 3090 (w) (ArC-H), 3037 (w) (C=C-H), 1632 (w) (C=C), 1610 (w) , 1537(w) (ArC-ArC), 1504 (w) (ArC-ArC), 1453 (w) (N=N), 1411 (w) (Cl- ArC-ArC-Cl), 1364 (m) (Cl-ArC-ArC-Cl), 1329 (m) (Cl-ArC-ArC-Cl),
3.3-Synthesis of PTM-Fc radicals compounds 3-Rad and 4-Rad
Two different synthetic routes (A and B) were followed to obtain 3-Rad and 4-Rad Route A:
Scheme S3. Synthesis of compounds 3-Rad and 4-Rad by route A.
Route A: All the process was carried out in a laboratory equipped with red light to avoid the decomposition of the radical species in solution. Azidomethylferrocene (12.4 mg, 0.0515 mmol) dissolved in 1 mL of dry THF was added to a mixture of diacetylene derivative 2-Rad (50.1 mg, 0.0530 mmol) triphenylphosphine (8 mg, 0.0305 mmol), CuI (6 mg, 0.0315 mmol) and N,N-diisopropylethylamine (DIPEA, 10.61 M; 50 µL, 0.26525 mmol) in 1 mL of dry toluene. The mixture was stirred for 3 hours at 80°C under argon atmosphere. The resulting mixture was evaporated and the obtained solid dissolved in 20 mL of toluene. To remove the unreacted CuI, the resulting solution was vigorously washed (3 x 50mL) with a solution of 0.5 M of EDTA and 0.2M of NH 3 (the pH of the solution was adjusted to 9 with NaOH). This rinsing process consisted in stirring the organic phase for 3 hours with the washing aqueous solution. This was repeated three times. Finally, the organic phase was dried (Na 2 SO 4 ), filtered and evaporated under vacuum. After evaporation of the solvent, the crude was purified by column chromatography with silica gel using as eluent CH 2 Cl 2 to the rad-PTM-Fc (3-Rad) and then a gradient with CHCl 3 to have the rad-PTM-Fc2 (4-Rad). Both mono-and di-cycloaddition products were obtained as a dark brown powder with a yield of 51% (3-Rad) and 48% (4-Rad).
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Route B:
Scheme S4. Synthesis of compounds 3-Rad and 4-Rad by route B.
Route B
Synthesis of compound 3-Rad. All the process was carried out in a laboratory equipped with red light to avoid the decomposition of the radical species in solution. Tetrabutyl ammonium hydroxide 28 % aqueous (14 μL, 0.0151 mmol) was added to a solution of compound 3-H (14.9 mg, 0.0126 mmol) in dry THF (5 mL) and the solution was stirred at room temperature. The formation of the perchlorotriphenylmethyl anion was monitored by UV/vis spectroscopy. When the deprotonation is complete (about 30 min), p-chloranil was added (3.9 mg, 0.0158 mmol) and the oxidation from the perchlorotriphenylmethyl anion to the radical was followed by UV/vis spectroscopy. When the oxidation was complete (about 180 min) the mixture was evaporated under vacuum and the crude was purified by column chromatography (silica gel, CH 2 Cl 2 ). Compound 3-Rad was obtained as a dark brown powder (13.5 mg, 90% yield). 
ATR-IR
ATR-IR: ν (cm
-1 ) = 3139 (w) (ArC-H), 3085 (w) (ArC-H), 2924 (w), 2852 (w), 1625 (w) (C=C), 1497 (w) (ArC-ArC), 1325 (m) (Cl-ArC-ArC-Cl), 1294 (w) (Cl- ArC-ArC-Cl), 1258 (w) (Cl-ArC-ArC-Cl), 1224 (w) (Cl-ArC-ArC-Cl),
4.1-Templated stripped gold (Au TS ) substrates preparation.
Ultra-smooth template-striped gold substrates were prepared following a reported procedure 5 by thermal deposition of 200 nm of gold (99.999% purity) on a silicon (100) wafer with a native SiO 2 surface layer; the deposition parameters were 4 x 10 -7 mTorr and rate 2A/s. After deposition, glass slides (1.5 cm 2 ) were glued onto the exposed gold using an epoxy resin (EpoTek, 353ND), the adhesive was cured at 80 °C for 12 hours in an oven. The glass/epoxy/metal substrate was cleaved from the Si wafer just before immersion into the desired solution, in order to minimize the contamination from air, and without any further cleaning procedure.
4.2-SAMs preparation.
Scheme S5. SAMs prepared in this work. 6 . The NH 4 F solution was thoroughly degassed with argon for at least 30 min prior to the immersion of the piranha-treated surface. After etching, the Si-H sample was rinsed with argon-saturated water, blown dry with argon, and transferred immediately into a Pyrex Schlenk tube containing deoxygenated 1-Rad dissolved in an aromatic solvent. An aluminum foil was put around the glassware to avoid the possible photochemical degradation of the PTM radical. The hydrosilylation reaction was thermally activated and the alkyne solution was kept under a pressure of argon during the reaction. The grafting conditions were optimized in order to produce the PTM radical-terminated monolayers with the highest PTM surface coverage and the lowest oxidation level of the underlying silicon surface. Toluene (99.8% from Sigma-Aldrich), mesitylene (99% extra-pure from Acros, passed through an activated neutral alumina column, then distilled over sodium) and 1,2-dichlorobenzene (DCB, 98% extra dry, from Acros) were tested as solvents since it has been demonstrated that the use of aromatic solvents with high boiling point was an efficient method for producing high-quality and well-ordered organic monolayers on silicon 7 . Moreover, different temperatures and concentrations of 1-Rad were also tested.
4.2.1-Preparation of PTM radical-Modified Si(111) Surfaces (SAM-1-Rad-Si
( Table S1 ). The optimal reaction conditions yielding the highest surface coverage of the PTM radical were as follows: 145°C for 20 h using DCB as the solvent and a 1-Rad concentration higher than 7 mM. After reaction, the SAM-1-Rad-Si surface was thoroughly rinsed with toluene and dichloromethane, then dried under argon. 
4.2.2-Preparation of PTM Radical-Modified Gold Surfaces.
To form the SAMs, the freshly cleaved Au TS substrates were introduced into a flat bottom flask containing a toluene (freshly distilled) solution containing 0.5 mM of the desired compound and the flask was closed, filled with argon and sealed. The solution was heated for 6 hours at 40ºC and left 42 h at room temperature in dark. Then, the substrates were removed from the flask, thoroughly rinsed with toluene, dried with nitrogen stream. 
4.3-Click reaction on gold surface.
Two different methods were tested:
Methods 1 and 2:
To obtain the catalyst solution, two separated solutions were prepared: 
4.4-Surface Coverage Calculation.
The surface coverage was calculated from the Equation S1 8, 9 :
where Γ is the surface coverage in mol cm −2 , A peak is the integrated area of the anodic or cathodic voltammetry peak, n is the number of electrons transferred (in this case n = 1), F is Faraday's constant, S is the electrode surface area and ʋ is the scan rate.
4.5-Charge transport measurements through the SAMs on gold.
The modified Au TS substrates were top-contacted with the GaOx/EGaIn tips. These tips were prepared following the F.C. Simeone 10 procedure. After the formation of the tip, this was gently approached to a clean silicon surface (50 nm SiO 2 polished) that helped to flatten the irregularities and roughness generated during the tip preparation.
The GaOx/EGaIn tip area used to contact the samples surfaces was around 1000-2500 µm 2 as it is recommended to obtain stable measurements 11 .The top-electrode was biased and the bottom electrode was grounded. The top electrode was biased from 0V →1 V→ 0V → -1 V→ 0V. For each sample, 12 traces on 24 junctions were collected, with a step size of 50 mV, integration time of 100 ms, and a delay of 50 ms, for acquiring the J(V) curves. The tip was renewed every three junctions. Below, a schematic setup of the home made system for current vs. voltage measurements is shown.
S-16 | P a g e
Statistical Analysis of the measured IV curves.
For the statistical analysis of the I-V curves, we have employed the free R software. For doing so, we have taken into account that the trimmed mean values and standard deviations are robust estimators of central tendency. To compute a trimmed mean, a predetermined amount of observations is removed on each side of a distribution (remove outliers), and the remaining observations are averaged.
Trimmed mean values provide a better estimation of the location of the bulk of the observations than a bare mean function when sampling from slightly asymmetric distributions. On the other hand, the bare standard deviation is dramatically affected by outliers and slightly asymmetries. More reliable results are obtained using the trimmed standard deviation. The trim argument can vary between 0 and 0.5. In this work, we have removed 10% of the total data, for which trim argument must be equal to 0.1. In this case, 5% of the upper part and 5% in the lower part is omitted.
To construct the histograms shown in Figure 6 , we have considered two formulas to determine the number of bins in the histogram. We considered the Sturge's rule and the square root of the number of data (√ ).
Sturge's rule is recommended when data is not skewed (as expected for Gaussian distribution). It should provide a good choice of bins in a histogram. In our data treatment, we follow roughly the Sturge's rule although for N ≤ 100 there is no big differences in the number of bins compared to (√ ). Importantly, the histograms are normalized to their area in order to analyze the data correctly. For instance, the function of density line is applied only when the data is normalized. Density line can be used as an assessment of your best histogram. S-19 | P a g e
ANNEX I: SAMs characterization: Cyclic
Mott-Schottky relationship (Equation S2):
where:
-CSC is the space charge capacitance;
-ND is the the dopant density;
-Efb is the flatband potential -e is the electron charge (1.602 ×·10 -19 C);
εr is the relative permittivity of Si (11.7);
-ε0 is the vacuum permittivity (8.85 ×·10 -12 F m -1 );
-A is the electrode surface area;
-E is the applied potential;
-k is the Boltzmann constant (1.38·× 10 -23 m 2 ·kg·s -2 ·K -1 );
-T is temperature ND can be determined from the slope (b) of the linear part of the CSC -2 -E plot ( Figure S3 ) and
Efb is given by
where a is the intercept of the linear part. Figure S3 : Mott-Schottky plot from impedance measurements at 50 kHz. The inset shows the linear fitting of the region indicated by the yellow rectangle.
I.2 SAM on gold surface characterization.
Figures S4 and S5 correspond to the on-surface modification of SAM-2-Rad using toluene as solvent. Figures S6 and S7 were obtained from the modification performed in acetonitrile. See above (page S14) for further details. Figure S8 corresponds to SAM-3-Rad and is used to extract a comparative Fc/PTM ratio. We used Voigt profiles, with fixed constant Lorentzian width. The Voigt profile considers both the finite core-hole lifetime (Lorentzian profile) and the broadening due to the finite experimental resolution and various inhomogeneities, e.g., molecular packing and local morphology 13, 14 (Gaussian profile). To calculate the stoichiometry of the films, we also considered the intensity of the satellites 14, 15 , typical features in photoemission that appear as an effect of the relaxation processes due to the creation of a core-hole 16 . The fit that we use is based on the procedure adopted for closed-shell molecules 14 . The final fit is the result of several self-consistent interactions of sequential fits done considering all physical and chemical information and adding more constraints at each interaction, with the goal to keep the parameter dependency very low.
Sample Γ (mol cm -2 ) PTM Radical Γ (mol cm -2 ) Ferrocene
SAM-3-H
As we were more interested in the stoichiometry than in physical phenomena related to photoemission, we kept the number of satellites as low as possible to have a very simplified fit. However, satellite intensities cannot be neglected, especially in case of radicals because the simultaneous presence of a core-hole and a singly occupied molecular orbital on the time-scale of photoemission enhances the relaxation phenomena. 17, 18 The fit procedure systematically holds for all samples of a specific molecule, prepared and measured under the same conditions. In this way, we can also identify the samples that do not correspond to the expected stoichiometry. We work on sets of measured samples that are big enough to be statistically significant. We obtain an excellent agreement between the theoretical and the fit values that indicates that SAM-3-Rad is close to the theoretical stoichiometry, while this is not the case for SAM-5-Rad, as discussed in the paper. 
